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Table 1 Polyborate anions present in the aqueous solution
Moncborates B(OH), BO(OH), B(OH) 2 B(OH)? BO,(OH)?
Biborates B,0;(OH)* ™~ B,O(OH)2
) B303(OH) 4 B304(OH) 2 B305(OH)3 B;03(OH)3 B:04(OH) 3
Triborates ” ’ .
B30;(OH) 3 B305(OH) B303(OH) 2
Tetraborates B,05(OH)} B,0,( OH) 3 B,0¢( OH) 3 B,0g(OH) § BO,(OH) §
BsOs(OH) 4. Bs0-( OH) 2. BsO7(OH)3 BsOg( OH)? B{Os(OH) 5
Pentaborates 3— 1—
Bs05(OH) > Bs0,(OH) 3
Hexaborates BsO7(OH)Z BsOg(OH)3 BsOo( OH)3 BsO7(OH)3
Octaborates BsO13(OH) ‘2‘
Nonaborates ByOi2( OH) 4
Thygesen'?  Stetten " 3.0.25.24.1.2.0.6 mol *
, 0. lmol"kgi1 kg ! ) )
0. lmol"kgi1 , 2.5 mol ° kgil s B303
N 3.2 0.1mol®  (OH)4 .BsOs(OH)i .BsOs(OH)s ;
kgil ) . Everest’ <12 mol® kel ’
B(OH) 3. B,0(O0H)s .« B:03( OH) (
, Ingri ® 25 C |
0.01~0.6 HlOlokgi1 , FT—IR Raman [9 3
3 mol “kg ' ,
, , 1.2 pH
0.025 mol°kg ' B(OH) 3
B(OH) 4 Famer pH
s IR Raman pH
° —1
, 0. 025jnol kg s Ingri
B{Os(OH)S B:03(OH)4 , (-9 LS mol dm® B
BiOy(OH)s  BiO4(OH)E (OH); o
1962 Ingri’ 01 1. .
mol°kg ' 3.0mol'kg ' NaClOs , , CM.T How
0.01 ~0. 6 mol°kg ' , _ g pH
. R 0. 01 mol ° , pH . pH
ke \0.2mol'kg ', B(OH) 4 , B(OH) 4, pH 7
Bi03 (OH)4 ; 0. 4mol kg - ’ H3BO;  B(OH)s
0.6 mol°kg ', , .
B40s( OH)3 BsOs( OH) 4 , pH ., pH
. ) pH
1963 Ingril® 25 C , , pH
3 mol °kg71 NaClOg4 s ,



52 15
3 B B(OH),-
E oer B,0,(OH),-
S 04l 1.4
= B,0,(OH) -
02| BOOH), —
—— : : . J. E. SPESSARD"”
5 6 7 8 9 10 11
pH .
, 25~90 C
1 pH NaCl.KCl. NaxS04 . CsI ,
0 4mol°ke '
Fig 1 Distiibution of polybomte anions in aqueous B303(OH) 4 B+Os(OH) > ’ ’
solution with different pH @ C NiCl ,
B,Os(OH):
1.3 1972 R E MESMER''
KCI(0. 13~1. 0 mol °kg ")
, 50 ~290
CLESPES G
SARD 2 25~90 C B(OH) 31+0OH =—=B(OH) 4
R NaCl. KCI1. Na2SO4. Csl ’ )
, 0.4 mol °kg ' ’
, NaCl . B .
(OH)4 +B303(OH)4 . BsOs(OH) 7 , .
B(OH)7 « BsOs 0.6mol*kg ' 10mol°kg ' KCI
(OH)# BOs(OH)3  Bs0s(OH) 2~ :B2(OH) 7,
] By(OH) 10 Bs(OH) 14 Bs(OH) % .
BsOs( OH) 4 S 25~290 C
200 C ,
: pH 50 ¢
, . B(OH)4.
’ 1.5
, , FI—IR  Raman "B
NMR



870(IR), 810(IR)

650~ 620( IR), 995( Raman) ,
605( Raman) , 420 ~490( Raman)
540~ 520( IR), 915( Raman) ,
765( Raman) , 525( Raman)

570~ 540( IR), 700( Raman) ,
616( Raman) , 565( Raman)

520~ 510( IR), 750~ 760( Raman)

Characteristic of triborate anion
Symmetric pulse vibration of triborate anion and
hexaborate anion

Symmetric pulse vibration of pentaborate anion

Symmetric pulsevibration of tetraborate anion

Symmetiic pulse vibration of [ BCOH), anion

872( Raman) Symmetric pulse vibration of B(OH)3 anion
( B,03 6%),
FT—IR ° R ( B203
6%) ,
B(OH)4 .B(OH) 3 , , ,
BsO7( OH) ¢ +7H0
= Bs06¢ OH) 4 +B(OH)4 +6H0 .
—B,05(OH)F +2B(OH) 5+5H,0 : BOs
=—=B105(OH) 5 +6H:0 BO4
——4B(OH) 3+2B(0OH) 4
"B NMR .

24—
3 A

. FT—IR  Raman .
) ) , 800 ~ 1 000
. Raman FT—IR . an ! .
. FTIR
2 A
2
Table 2 Vibration bands of polyborate anions in aqueous solution
Jem !
1 700~ 1 600( IR) H-O-H bending
1450~ 1 300( IR) Asymmetric stretching of B(3-0
1300~ 1 150( IR) In— plane bending of B-O-H
1 150~ 1 000( IR) Asymmetric stretching of Bi4-O
959(1R) Characteristic of hexaborate anion
928(1R) Characteristic of Pentahorate anion
944(1R) Characteristic of tetraborate anion
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3 208K YBNMR
Table 3 Chemical shift of ""BNMR in different saturated borates solutions at 298 K
g (X109
CaB04° 4H,0 B0, 306

Cay B4Oy; “9H 0
Mg>BeO11* 17H,0
Li, B,0,* 3H,0
Na»B407°10H,0
K,B407°4H,0
MgB407°9H,0
1iBs0g° SH,0
NaBs0g°5H,0

3601147 8 02

BsOu*™ 751

B0/ 10 05

B,07° 927,87

B 137(0 14,9350 86),09(0 02),7 6(0 98), 11 6(M)
B0 1.8

BsOs 1L 1900 17), 13 32( 0 39), 19. 71( 0. 43)

BsOs 1 27(0.13), 13 15( 0. 34) , 18 60( 0. 54) , L 0( 0. 16) , 13 2( 0. 25) , 18 9( 0. 59) *(M)
1. 34(0 10), 13 33(0.29) , 18 08( 0. 56) ,27. 28( 0. 05),0. 9( 0. 048), 12 8( 0. 348) , 17. 9

KBsOg°4H0 BsOg
(0.604), (0 15M),0.9, 130
CaB 0 y°4H,0 BsOw’ 14 48,29 95( very weak)
MgBsO1p° H20  BsOy’ 14 57
1.6 ’
[26—32

[33—41]
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The polyborate Present in aqueous solutions containing
boron and the affection factors

ZHANG Ai-yun', YAO Yan’
(1. Henan Polytechnic University, Jiaczuo, 45400, China;
2. Qinghai Institute of Salt Lakes, Chinese Academy of Sciences, Xining 810008, China)

Abstract: In this paper, the existence foms of boron in aqueous solutions containing boron and the relations of
it with the factors such as concentration of total boron, pH, ionic strength, temperature, pressure and so on,were
summarized based on the reported data It is pointed out that the polymerization degree of boron increases with
the elevation of concentration of total boron. The polyborates present in aqueous solutions containing boon are
little when the pH is very high or low, with H3BO3 and B(OH) 4 as the main species. It is stressed that the su-
persaturation is universal for aqueous solutions containing boron, The FT-IR, Raman and NMR spectra of some
polyborates have been given. The form of borate existing in the brine containing boron can be expressed as the
comprehensive slatistic one of tetraborate.

Key words; Polyborate anions; Degree of polymerization; Supersaturation; Salt lake brine containing boron;

Comprehensive statistic form
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